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METHOD AND APPARATUS FOR
SUPPORTING MANAGEMENT ACTIONS
FOR VERY HIGH THROUGHPUT IN
WIRELESS COMMUNICATIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/718,709, filed on May 21, 2015 and 1ssued

as U.S. Pat. No. 9,374,146 on Jun. 21, 2016, which 1s a
continuation of U.S. patent application Ser. No. 14/260,439
filed on Apr. 24, 2014 and 1ssued as U.S. Pat. No. 9,042,362
on May 26, 2015, which 1s a continuation of U.S. patent
application Ser. No. 12/945,365 filed on Nov. 12, 2010 and
issued as U.S. Pat. No. 8,711,821 on Apr. 29, 2014, which
claims the benefit of U.S. Provisional Application Ser. No.
61/261,197 filed on Nov. 13, 2009, the contents of which are
hereby incorporated by reference.

BACKGROUND

Supporting higher data rates has long been a goal 1n
wireless communication technologies, including, for
example, wireless local area networks (WLANs). A WLAN
inirastructure basic service set (BSS) mode may have an
Access Point (AP) for the BSS and one or more stations
(STAs) associated with the AP. The AP typically may have
access to, or interface with, a distribution system (DS) or
another type of wired/wireless network that may carry traflic
in and out of the BSS. Traflic to STAs that originates from
outside the BSS may arrive through the AP and may be
delivered to the STAs. Traflic originating from STAs to
destinations outside the BSS may be sent to the AP to be
delivered to the respective destinations.

Traflic between STAs within the BSS may also be sent to
through the AP where the source STA sends traflic to the AP
and the AP delivers the traflic to the destination STA. Such
trailic between STAs within a BSS may be referred to as
peer-to-peer traflic. Such peer-to-peer tratic may also be
sent directly between the source and destination STAs with
a direct link setup (DLS) using an 802.11¢ direct link setup
(DLS) or an 802.11z tunneled DLS. A WLAN 1n Indepen-
dent BSS mode may not have an AP and STAs communi-
cating directly with each other.

The earliest version of the 802.11 standard provided a data
rate of 1 Mbps. A subsequent amendment, namely 802.11b,
provided a physical layer data rate of 11 Mbps. With the
introduction of orthogonal frequency division multiplexing
(OFDM) 1n the 802.11g and 802.11a amendments for 2.4
GHz and 5 GHz bands respectively, the data rates supported
were 1increased to 54 Mbps at the PHY layer. The 802.11n
amendment increased the data rates supported to 100 Mbps
on top of the MAC layer. It would be desirable to have a
method and apparatus configured to support data rates
greater than 100 Mbps.

SUMMARY

A method and apparatus may be used to support manage-
ment actions for Very High Throughput (VHT) in wireless
communications. An STA or an AP may transmit a manage-
ment action frame. The management action frame may
include a field for supporting one or more VHT management
functions. The one or more VHT management functions
may be related to a multi-channel non-contiguous spectrum
operation. In response to receiving the management action
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2

frame, a STA or an AP may perform an action based on the
received management action frame. The receiving STA or
AP may transmit an acknowledgement (ACK) based on a
category or a subtype indicated 1n the management action
frame.

The management action frame may be a Very High
Throughput (VHT) Compressed Beamforming frame. The

VHT Compressed Beamiforming frame may be an Action No

Acknowledgement (ACK) frame, and may include a VHT
multiple mput multiple output (MIMO) Control field. The

VHT MIMO Control field may indicate a channel width
related to a multi-channel non-contiguous spectrum trans-
mission associated with a sounding packet.

BRIEF DESCRIPTION OF THE

DRAWINGS

A more detailed understanding may be had from the
following description, given by way of example in conjunc-
tion with the accompanying drawings wherein:

FIG. 1A 15 a system diagram of an example communica-
tions system in which one or more disclosed embodiments
may be implemented;

FIG. 1B 1s a system diagram of an example wireless
transmit/recerve unit (WTRU) that may be used within the
communications system illustrated 1in FIG. 1A;

FIG. 1C 1s a system diagram of an example radio access
network and an example core network that may be used
within the communications system illustrated in FIG. 1A;

FIG. 2 1s a diagram of an example medium access control
(MAC) frame;

FIG.3 1sa dlagram of an example Very High Throughput
(VHT) management action frame;

FIG. 4 1s a diagram of an example Secondary Channel
Offset Information Element (IE);

FIG. 5 1s a diagram of an example VHT Notify bandwidth
configuration frame;

FIG. 6 1s a diagram of an example VHT Set Phased
Coexistence Operation (PCO) Phase frame;

FIG. 7 1s a diagram of an example VHT Multiple Input
Multiple Output (MIMO) Control Action frame;

FIG. 8 1s a diagram of an example 20/40/80 BSS Coex-
1stence Management frame;

FIG. 9 1s a diagram of an example 20/40/80 BSS Coex-
istence IE;

FIG. 10 1s a diagram of an example 20/40/80 BSS
Intolerant Channel Report IE; and

FIG. 11 1s a flow diagram of an example method for
supporting management actions i VHT communications.

DETAILED DESCRIPTION

FIG. 1A 1s a diagram of an example communications
system 100 1n which one or more disclosed embodiments
may be implemented. The communications system 100 may
be a multiple access system that provides content, such as
volice, data, video, messaging, broadcast, etc., to multiple
wireless users. The communications system 100 may enable
multiple wireless users to access such content through the
sharing of system resources, including wireless bandwidth.
For example, the communications systems 100 may employ
one or more channel access methods, such as code division

multiple access (CDMA), time division multiple access
(TDMA), frequency division multiple access (FDMA),

orthogonal FDMA (OFDMA), single-carrier FDMA (SC-
FDMA), and the like.

As shown 1n FIG. 1A, the communications system 100
may 1nclude wireless transmit/recerve units (WTRUs) 102a,
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10256, 102¢, 1024, a radio access network (RAN) 104, a core
network 106, a public switched telephone network (PSTN)
108, the Internet 110, and other networks 112, though 1t will
be appreciated that the disclosed embodiments contemplate
any number of WTRUSs, base stations, networks, and/or

network elements. Each of the WIRUs 102a, 10254, 102¢,

1024 may be any type of device configured to operate and/or
communicate 1 a wireless environment. By way of
example, the WIRUs 1024, 1025, 102¢, 1024 may be

configured to transmit and/or receive wireless signals and
may include user equipment (UE), a mobile station, a fixed
or mobile subscriber unit, a pager, a cellular telephone, a
personal digital assistant (PDA), a smartphone, a laptop, a
netbook, a personal computer, a wireless sensor, consumer
electronics, and the like.

The communications systems 100 may also include a base

station 114a and a base station 1145. Fach of the base
stations 114a, 11456 may be any type of device configured to
wirelessly interface with at least one of the WIRUSs 102a,
1025, 102¢, 102d to facilitate access to one or more com-
munication networks, such as the core network 106, the
Internet 110, and/or the networks 112. By way of example,
the base stations 114a, 1146 may be a base transceiver
station (BTS), a Node-B, an eNode B, a Home Node B, a
Home eNode B, a site controller, an access point (AP), a
wireless router, and the like. While the base stations 114a,
1145 are each depicted as a single element, it will be
appreciated that the base stations 114a, 1145 may include
any number of interconnected base stations and/or network
clements.

The base station 114a may be part of the RAN 104, which
may also include other base stations and/or network ele-
ments (not shown), such as a base station controller (BSC),
a radio network controller (RNC), relay nodes, etc. The base
station 114a and/or the base station 1145 may be configured
to transmit and/or recerve wireless signals within a particular
geographic region, which may be referred to as a cell (not
shown). The cell may further be divided into cell sectors. For
example, the cell associated with the base station 114a may
be divided into three sectors. Thus, 1n one embodiment, the
base station 114a may include three transceivers, 1.¢., one for
each sector of the cell. In another embodiment, the base
station 114a may employ multiple-input multiple output
(MIMO) technology and, therefore, may utilize multiple
transcervers for each sector of the cell.

The base stations 114a, 1145 may communicate with one
or more of the WIRUs 102a, 1025, 102¢, 102d over an air
interface 116, which may be any suitable wireless commu-
nication link (e.g., radio frequency (RF), microwave, inira-
red (IR), ultraviolet (UV), visible light, etc.). The air inter-
face 116 may be established using any suitable radio access
technology (RAT).

More specifically, as noted above, the communications
system 100 may be a multiple access system and may
employ one or more channel access schemes, such as
CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and the like.
For example, the base station 114a 1n the RAN 104 and the
WTRUSs 102a, 1025, 102¢ may implement a radio technol-
ogy such as Universal Mobile Telecommunications System
(UMTS) Terrestrial Radio Access (UTRA), which may
establish the air interface 116 using wideband CDMA
(WCDMA). WCDMA may include commumnication proto-
cols such as High-Speed Packet Access (HSPA) and/or
Evolved HSPA (HSPA+). HSPA may include High-Speed
Downlink Packet Access (HSDPA) and/or High-Speed
Uplink Packet Access (HSUPA).
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In another embodiment, the base station 114a and the
WTRUSs 102a, 1025, 102¢ may implement a radio technol-
ogy such as Evolved UMTS Terrestrial Radio Access
(E-UTRA), which may establish the air interface 116 using
Long Term Evolution (LTE) and/or LTE-Advanced (LTE-
A).

In other embodiments, the base station 114a and the
WTRUs 102qa, 1025, 102¢ may implement radio technolo-
gies such as Institute of Electrical and Electronics Engineers
(IEEE) 802.16 (i.e., Worldwide Interoperability for Micro-
wave Access (WIMAX)), CDMA2000, CDMA2000 1x,
CDMA2000 EV-DO, Interim Standard 2000 (IS-2000),
Interim Standard 95 (IS-95), Interim Standard 856 (IS-856),
Global System for Mobile communications (GSM),
Enhanced Data rates for GSM Evolution (EDGE), GSM
EDGE (GERAN), and the like.

The base station 1145 1n FIG. 1A may be a wireless router,
Home Node B, Home eNode B, or access point, for example,
and may utilize any suitable RAT for facilitating wireless
connectivity 1n a localized area, such as a place of business,

a home, a vehicle, a campus, and the like. In one embodi-
ment, the base station 1145 and the WTRUs 102¢, 1024 may
implement a radio technology such as IEEE 802.11 to
establish a wireless local area network (WLAN). In another
embodiment, the base station 1145 and the WTRUs 102c¢,
1024 may implement a radio technology such as IEEE
802.15 to establish a wireless personal area network
(WPAN). In yet another embodiment, the base station 1145
and the WTRUs 102¢, 1024 may utilize a cellular-based
RAT (e.g., WCDMA, CDMA2000, GSM, LTE, LTE-A, etc.)
to establish a picocell or femtocell. As shown 1n FIG. 1A, the
base station 1146 may have a direct connection to the
Internet 110. Thus, the base station 1145 may not be required
to access the Internet 110 via the core network 106.

The RAN 104 may be 1n communication with the core
network 106, which may be any type of network configured
to provide voice, data, applications, and/or voice over inter-
net protocol (VoIP) services to one or more of the WTRUs
102a, 1025, 102¢, 102d. For example, the core network 106
may provide call control, billing services, mobile location-
based services, pre-paid calling, Internet connectivity, video
distribution, etc., and/or perform high-level security func-
tions, such as user authentication. Although not shown in
FIG. 1A, 1t will be appreciated that the RAN 104 and/or the
core network 106 may be 1n direct or indirect communica-
tion with other RANSs that employ the same RAT as the RAN
104 or a different RAT. For example, 1n addition to being
connected to the RAN 104, which may be utilizing an
E-UTRA radio technology, the core network 106 may also
be 1 communication with another RAN (not shown)
employing a GSM radio technology.

The core network 106 may also serve as a gateway for the
WTRUs 102a, 10256, 102¢, 1024 to access the PSTN 108, the

Internet 110, and/or other networks 112. The PSTN 108 may
include circuit-switched telephone networks that provide
plain old telephone service (POTS). The Internet 110 may
include a global system of interconnected computer net-
works and devices that use common communication proto-
cols, such as the transmission control protocol (TCP), user
datagram protocol (UDP) and the internet protocol (IP) 1n
the TCP/IP internet protocol suite. The networks 112 may
include wired or wireless communications networks owned
and/or operated by other service providers. For example, the
networks 112 may include another core network connected
to one or more RANs, which may employ the same RAT as

the RAN 104 or a difterent RAT.
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Some or all of the WTRUSs 1024, 10254, 102¢, 1024 1n the
communications system 100 may include multi-mode capa-
bilities, 1.e., the WIRUs 102a, 1025, 102¢, 102d may

include multiple transceivers for communicating with dii-
ferent wireless networks over different wireless links. For

example, the WTRU 102¢ shown in FIG. 1A may be

configured to communicate with the base station 114a,
which may employ a cellular-based radio technology, and
with the base station 1145, which may employ an IEEE 802

radio technology.
FIG. 1B 1s a system diagram of an example WTRU 102.

As shown i FIG. 1B, the WIRU 102 may include a

processor 118, a transceiver 120, a transmit/recerve element
122, a speaker/microphone 124, a keypad 126, a display/
touchpad 128, non-removable memory 130, removable

memory 132, a power source 134, a global positioning
system (GPS) chipset 136, and other peripherals 138. It will
be appreciated that the WITRU 102 may include any sub-
combination of the foregoing elements while remaining
consistent with an embodiment.

The processor 118 may be a general purpose processor, a
special purpose processor, a conventional processor, a digi-
tal signal processor (DSP), a plurality of microprocessors,
one or more microprocessors 1n association with a DSP core,
a controller, a microcontroller, Application Specific Inte-
grated Circuits (ASICs), Field Programmable Gate Array
(FPGASs) circuits, any other type of integrated circuit (IC), a
state machine, and the like. The processor 118 may perform
signal coding, data processing, power control, input/output
processing, and/or any other functionality that enables the
WTRU 102 to operate in a wireless environment. The
processor 118 may be coupled to the transceiver 120, which
may be coupled to the transmit/receive element 122. While
FIG. 1B depicts the processor 118 and the transcerver 120 as
separate components, 1t will be appreciated that the proces-
sor 118 and the transceiver 120 may be integrated together
in an electronic package or chip.

The transmit/receive element 122 may be configured to
transmit signals to, or receive signals from, a base station
(c.g., the base station 114a) over the air itertace 116. For
example, 1n one embodiment, the transmit/receive element
122 may be an antenna configured to transmit and/or receive
RF signals. In another embodiment, the transmit/receive
clement 122 may be an emitter/detector configured to trans-
mit and/or recerve IR, UV, or visible light signals, for
example. In yet another embodiment, the transmit/receive
clement 122 may be configured to transmit and receive both
RF and light signals. It will be appreciated that the transmiat/
receive element 122 may be configured to transmit and/or
receive any combination of wireless signals.

In addition, although the transmit/receive element 122 1s
depicted in FIG. 1B as a single element, the WTRU 102 may
include any number of transmit/receive elements 122. More
specifically, the WTRU 102 may employ MIMO technology.
Thus, 1n one embodiment, the WIRU 102 may include two
or more transmit/receive elements 122 (e.g., multiple anten-
nas) for transmitting and receiving wireless signals over the
air interface 116.

The transceiver 120 may be configured to modulate the
signals that are to be transmitted by the transmit/receive
clement 122 and to demodulate the signals that are received
by the transmit/receive element 122. As noted above, the
WTRU 102 may have multi-mode capabilities. Thus, the
transceiver 120 may include multiple transceivers for
enabling the WTRU 102 to communicate via multiple RATs,
such as UTRA and IEEE 802.11, for example.
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The processor 118 of the WTRU 102 may be coupled to,
and may receive user mput data from, the speaker/micro-
phone 124, the keypad 126, and/or the display/touchpad 128
(e.g., a liqud crystal display (LCD) display unit or organic
light-emitting diode (OLED) display unit). The processor
118 may also output user data to the speaker/microphone
124, the keypad 126, and/or the display/touchpad 128. In
addition, the processor 118 may access information from,
and store data 1n, any type of suitable memory, such as the
non-removable memory 106 and/or the removable memory
132. The non-removable memory 106 may include random-
access memory (RAM), read-only memory (ROM), a hard
disk, or any other type of memory storage device. The
removable memory 132 may include a subscriber 1dentity
module (SIM) card, a memory stick, a secure digital (SD)
memory card, and the like. In other embodiments, the
processor 118 may access information from, and store data
in, memory that 1s not physically located on the WTRU 102,
such as on a server or a home computer (not shown).

The processor 118 may receive power from the power
source 134, and may be configured to distribute and/or
control the power to the other components in the WIRU
102. The power source 134 may be any suitable device for
powering the WIRU 102. For example, the power source
134 may include one or more dry cell batteries (e.g.,
nickel-cadmium (Ni1Cd), nickel-zinc (Ni1Zn), nickel metal
hydride (N1MH), lithium-1on (L1-10n), etc.), solar cells, fuel

cells, and the like.

—

T'he processor 118 may also be coupled to the GPS chipset
136, which may be configured to provide location informa-
tion (e.g., longitude and latitude) regarding the current

location of the WTRU 102. In addition to, or in lieu of, the

information from the GPS chipset 136, the WTRU 102 may
receive location information over the air interface 116 from
a base station (e.g., base stations 114a, 1145) and/or deter-
mine its location based on the timing of the signals being
received from two or more nearby base stations. It will be
appreciated that the WITRU 102 may acquire location infor-
mation by way of any suitable location-determination
method while remaining consistent with an embodiment.

The processor 118 may further be coupled to other
peripherals 138, which may include one or more software
and/or hardware modules that provide additional features,
functionality and/or wired or wireless connectivity. For
example, the peripherals 138 may include an accelerometer,
an e-compass, a satellite transcerver, a digital camera (for
photographs or video), a universal serial bus (USB) port, a
vibration device, a television transceiver, a hands free head-
set, a Bluetooth® module, a frequency modulated (FM)
radio unit, a digital music player, a media player, a video
game player module, an Internet browser, and the like.

FIG. 1C 1s a system diagram of the RAN 104 and the core
network 106 according to an embodiment. As noted above,
the RAN 104 may employ an E-UTRA radio technology to
communicate with the WTRUs 102a, 1025, 102¢ over the air
interface 116. The RAN 104 may also be in communication
with the core network 106.

The RAN 104 may include eNode-Bs 140a, 14056, 140c,
though 1t will be appreciated that the RAN 104 may include
any number of eNode-Bs while remaiming consistent with an
embodiment. The eNode-Bs 140a, 1405, 140¢ may each
include one or more transceivers for commumcatmg with
the WTRUs 1024, 1025, 102¢ over the air interface 116. In
one embodiment, the eNode-Bs 140aq, 1405, 140c may
implement MIMO technology. Thus, the eNode-B 140qa, for
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example, may use multiple antennas to transmit wireless
signals to, and receive wireless signals from, the WTRU

102a.

Each of the eNode-Bs 140a, 1405, 140c may be associ-
ated with a particular cell (not shown) and may be config-
ured to handle radio resource management decisions, han-
dover decisions, scheduling of users 1n the uplink and/or
downlink, and the like. As shown 1n FIG. 1C, the eNode-Bs
140a, 1405, 140c may communicate with one another over
an X2 interface.

The core network 106 shown in FIG. 1C may include a
mobility management gateway (MME) 142, a serving gate-
way 144, and a packet data network (PDN) gateway 146.
While each of the foregoing elements are depicted as part of
the core network 106, 1t will be appreciated that any one of
these elements may be owned and/or operated by an entity
other than the core network operator.

The MME 142 may be connected to each of the eNode-Bs
142a, 1425, 142¢ 1n the RAN 104 via an S1 interface and
may serve as a control node. For example, the MME 142
may be responsible for authenticating users of the WIRUs
102a, 10256, 102¢, bearer activation/deactivation, selecting a
particular serving gateway during an initial attach of the
WTRUSs 102a, 10256, 102¢, and the like. The MME 142 may
also provide a control plane function for switching between
the RAN 104 and other RANSs (not shown) that employ other
radio technologies, such as GSM or WCDMA.

The serving gateway 144 may be connected to each of the
eNode Bs 140a, 1405, 140¢ 1n the RAN 104 via the S1
interface. The serving gateway 144 may generally route and
forward user data packets to/from the WTRUs 102a, 1025,
102¢. The serving gateway 144 may also perform other
functions, such as anchoring user planes during inter-eNode

B handovers, triggering paging when downlink data 1is
available for the WTRUs 102a, 1025, 102¢, managing and

storing contexts of the WITRUs 102a, 1025, 102¢, and the
like.

The serving gateway 144 may also be connected to the
PDN gateway 146, which may provide the WIRUs 102a,
10256, 102¢ with access to packet-switched networks, such as
the Internet 110, to facilitate communications between the
WTRUs 102a, 1025, 102¢ and IP-enabled devices. An
access router (AR) 150 of a wireless local area network
(WLAN) 155 may be in communication with the Internet
110. The AR 150 may facilitate communications between
APs 160a, 1605, and 160c. The APs 160qa, 1605, and 160c¢
may be 1n communication with STAs 170a, 1705, and 170c.

The core network 106 may facilitate communications
with other networks. For example, the core network 106
may provide the WTRUs 102a, 1025, 102¢ with access to
circuit-switched networks, such as the PSTN 108, to facili-
tate communications between the WIRUSs 102a, 10256, 102¢
and traditional land-line communications devices. For
example, the core network 106 may include, or may com-
municate with, an IP gateway, (e.g., an IP multimedia
subsystem (IMS) server), that serves as an interface between

the core network 106 and the PSTN 108. In addition, the
core network 106 may provide the WIRUs 102q, 1025,
102¢ with access to the networks 112, which may include
other wired or wireless networks that are owned and/or
operated by other service providers.

When referred to herein, the terminology “station” (STA)
includes but 1s not limited to a wireless transmit/receive unit
(WTRU), a user equipment (UE), a mobile station, a fixed
or mobile subscriber unit, a pager, a cellular telephone, a
personal digital assistant (PDA), a computer, a mobile
internet device (MID), or any other type of device capable
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ol operating in a wireless environment. When referred to
hereafter, the terminology “base station” includes but 1s not
limited to a Node-B, a site controller, an access point (AP),
or any other type of interfacing device capable of operating
in a wireless environment.

For purposes of explanation, the various embodiments are
described in an WLAN context, but the various embodi-
ments may be implemented 1n any wireless communication
technology. Some example types of wireless communication
technologies include, but are not limited to, Worldwide
Interoperability for Microwave Access (WiIMAX), 802 .xx,
Global System for Mobile communications (GSM), Code
Division Multiple Access (CDMAZ2000), Universal Mobile
Telecommunications System (UMTS), Long Term Evolu-
tion (LTE), or any future technology.

WLANs with Very High Throughput (VHT) of greater
than 100 Mbps on top of MAC layer may be designed to
implement the embodiments described herein. A VHT
WLAN that implements these embodiments may also
include features such as multi-user multiple-input multiple-
output (MU-MIMO) techniques, new coding features, new
power save {leatures, etc. MU-MIMO technology may
enable simultaneous transmission to multiple STAs on the
same Ifrequency and also enable simultaneous reception
from multiple STAs on the same frequency. New VHT
protection features for VHT packet transmission and legacy
packet transmission may be implemented. In a scenario with
densely deployed VHT APs, overlapping BSS management
may be necessary because of high interference from neigh-
boring BSSs. In a Television White Space (TVWS) scenario,
independently operated networks/devices (and even dissimi-
lar networks/devices 1n radio technology) may coexist and
operate 1n a common TVWS frequency spectrum.

The IEEE 802.11 High Throughput (HT) Action frames
used to support the management actions for HT features may
not be adequate n WLANs with VHT {features. New man-
agement Action frames, referred to herein as “VHT Action
frames,” may be needed for extending management actions
for VHT {eatures. In addition, extensions to IEEE 802.11
Action frames may be needed to support VHT features.
Example methods and apparatuses used to support VHT
Management Actions 1n the form of VHT Action frames and
VHT extensions to IEEE 802.11 Action frames in WLANSs
are described herein. The VHT Action frames are in new
categories or existing 802.11 categories such as DLS, Pub-
lic, Spectrum Management, HT, etc. The VHT Action
frames 11 not assigned to existing 802.11 categories will be
grouped under a new category called “VHT™ category.
VHT STAs 1n an Infrastructure BSS, Independent BSS/
Ad hoc, or Direct Link Setup scenario may send or receive
VHT management action frames. In an Infrastructure BSS
scenario, VHT APs may send or receive VHT management
action frames as well.

In 802.11 management frames of the subtypes “Action”
and “Action No Acknowledgement (ACK)” are used for
extended management actions related to various categories
such as Spectrum Management, QoS, DLS, Public, HT efc.
For example, an 802.11 Public Action frame may be a
management Action frame with the Category field set to
Public, that may, for example, allow an inter-BSS and AP to
communicate with an unassociated-STA. In this example,
the transmitting STA/AP and receiving STA/AP may be
assoclated with different BSSs, or one or both of the
transmitting and receiving STAs may not be associated to a
BSS.

The management frame of subtype “Action No ACK”
may not receive an ACK frame from the recipient STA/AP
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on successiul reception. Furthermore, these Action frames of
the management frame subtype “Action No ACK” may be
aggregated by an STA/AP with one or more of data frames,
control frames, and management frames for transmission 1n
an aggregated packet data unit (PDU). An aggregated PDU
may contain the individual frames/packets with each 1ndi-
vidual packet preceded by a packet/frame delimiter that
includes information pertaining to the packet and each
individual packet followed by padding bits 1f necessary to
round up to a required length; for example a multiple of 4
Octets as 1n 802.11n. Both management frames of the
subtypes “Action” and “Action No ACK” may be referred to
herein as eitther “Action frames™ or “management Action
frames.”

FIG. 2 1s a diagram of an example medium access control
(MAC) frame 200. The MAC frame 200 may include a

preamble 210, a header 220, and a frame body 230. The
frame body 230 may include a VHT management Action
frame body 240. The VHT management Action frame body
240 may include an Action Category field 250, followed by
an Action field 260. The Action field 260 may identily the
type of Action frame, for example, a Setup Request, a Setup
Response, or a Teardown. The Action field 260 may be
tollowed by other fields 270a, 2705, . . . 270k The other
fields 270a, 2705, . . . 270k may be specified based on the
Action Frame type where one or more of these fields may be
Information Elements (IEs).

The AP and STAs may indicate VHT management
actions, 1n any new or existing management/control/data
frames, for example, 1n management frames such as Asso-
ciation, Reassociation, Probe or Beacon frames. An IE may
be mncluded 1n the MAC frames to transier information.

FIG. 3 1s a diagram of an example VHT management
action frame 300 that includes an IE 310. The IE 310 may

include an element ID field 320, a length field 330, and a
number of IE fields 3404a, 3405, . . . 340%. The element ID
field 320 may contain an ID specific to the IE 310. The
length field 330 may indicate the length of the IE 310
tollowing the length field 330.

In a first example, an 802.11 Channel Switch Announce-
ment frame may be modified to support the VHT increased
channel bandwidth transmission mode of 80 MHz. The

Channel Switch Announcement frame may be sent by an AP
in a BSS or a STA 1n an Independent BSS to advertise when
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it 1s switching to a new channel, the channel number and
bandwidth configuration. The 802.11 Channel Switch

Announcement frame may be an Action frame of Category

Spectrum Management which contains a Secondary Chan-
nel Offset IE.

FIG. 4 1s a diagram of an example Secondary Channel
Ofiset IE 400 that may be modified to indicate secondary
channel offset information values to support the VHT 80
MHz bandwidth transmission and VHT Multi-channel trans-
mission. The Secondary Channel Offset IE 400 may com-
prise an element ID field 410, a length field 420, and a
Secondary Channel Offset field 430.

The Secondary Channel Oflset field 430 may indicate the
position of the 20 MHz secondary channel relative to the 20
MHz primary channel for 40 MHZ transmission bandwidth
in the existing 802.11n standard. In a VHT 80 MHz band-
width transmission scenario, there may be three 20 MHz
secondary channels along with a primary 20 MHz channel
providing the 80 MHz transmission bandwidth. Accord-
ingly, for the 80 MHz bandwidth transmission, the positions
of the three 20 MHz secondary channels with respect to the
20 MHz primary channel may be indicated with values in the
Secondary Channel Offset field 430. The 20 MHz channels
making up the 80 MHz bandwidth need not be contiguous.
The VHT features may support the transmission and recep-
tion of such an 80 MHz bandwidth signal. The VHT features
may also support multi-channel transmissions, including
multiple parallel transmissions, using various combinations
of 20 MHz channels.

In the multi-channel transmission scenario, the configu-
ration of the channels may be indicated relative to the
primary channel 1n the Secondary Channel Offset field 430.
In addition, the VHT features may support a 40 MHz
bandwidth signal transmission and reception where the
secondary channel may not be adjacent to the primary
channel, and may be indicated 1n the Secondary Channel
Ofiset field 430. An example of the possible secondary
channel configurations and corresponding values for the
Secondary Channel Offset field 430 corresponding to the
VHT 80 MHz bandwidth transmission, VHT 40 MHz band-
width transmission, and VHT Multi-channel transmission 1s
shown 1n Table 1. An exact numerical value may be chosen

flexibly from any unused value within the range from O to
255.

TABLE 1

Secondary channel configurations.

Value

1

2
3

Any unused
value up to 256

(flexible)

Any unused
value up to 256

(flexible)

Any unused
value up to 256

(flexible)

Any unused
value up to 256

(flexible)

Description

Indicates that no secondary channel 1s present (just 20 MHz)

Indicates that the secondary channel is above the primary channel (for
40 MHz)

Unused

Indicates that the secondary channel 1s below the primary channel (for
40 MHz)

Indicates 3 secondary channels immediately above the primary channel
(80 MHz bandwidth formed by 4 contiguous 20 MHz channels)

Indicates 3 secondary channels immediately below the primary channel
(80 MHz bandwidth formed by 4 contiguous 20 MHz channels)

Indicates 2 secondary channels immediately above the primary

channel and 1 secondary channel immediately below the primary
channel (80 MHz bandwidth formed by 4 contiguous 20 MHz channels)
Indicates 1 secondary channel immediately above the primary channel

and 2 secondary channels immediately below the primary channel (80
MHz bandwidth formed by 4 contiguous 20 MHz channels)
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TABLE 1-continued

Secondarv channel configurations.

12

Value Description

Any unused Indicates configuration of positions of each of the 3 secondary channels

value up to 256 relative to the primary channel where the 80 MHz bandwidth 1s not

(flexible) formed by 4 contiguous 20 MHz channels. Many such configurations are
possible and each may have a value associated with it.

Any unused Indicates configuration of the position of the secondary channel relative

value up to 256 to the primary channel where a 40 MHz bandwidth 1s not formed by 2

(flexible) contiguous 20 MHz channels. Many such configurations are possible
and each may have a value associated with it.

Any unused Indicates configuration of secondary channels for VHT Multi-channel

value up to 256 transmission relative to the primary channel. Many such configurations

(flexible) are possible and each may have a value associated with 1it.

Remaining up  Unused/Reserved

to 255

The Secondary Channel Offset field 430 may be modified
to nclude one or more values to indicate secondary channel
configurations supporting VHT 80 MHz bandwidth trans-
mission, VHT 40 MHz bandwidth transmission and VHT

Multi-channel transmission. The Secondary Channel Offset
field 430 may be included 1n, for example: 1) the beacon,
probe response, association response, and reassociation
response frames sent by an AP or an STA 1n an Independent
BSS; 2) a VHT Operation IE included 1n frames sent by an
AP or an STA 1n an Independent BSS; 3) a Channel Switch
Announcement (Action) frame sent by an AP or an STA 1n
an Independent BSS; or 4) a VHT Capabilities IE 1included
in frames sent by an AP or an STA.

In a second example, a VHT Notily bandwidth configu-
ration frame may be an Action frame of category VHT, and
may be used to support the various bandwidths 20/40/80
MHz in VHT WLANSs. In this example, a VHT STA or AP
may send the VHT Notily bandwidth configuration frame to
change the bandwidth configuration of frames that are sent
to 1t.

FIG. 5 1s a diagram of an example VHT Notity bandwidth
configuration frame 500. The VHT Notity bandwidth con-
figuration frame 500 may include a Category field 310, an
Action field 520, and a VHT bandwidth configuration field
530. The Category field 510 may be set to a value to indicate
VHT. The Action field 520 may be set to a value that
represents a VHT Notily bandwidth configuration. The VHT
bandwidth configuration field 530 may contain a bandwidth
configuration requested for frames to be sent to the STA or
AP transmitting this action frame. The values for the VHT
bandwidth configuration field 530 may correspond to the
vartous bandwidth configurations that are possible with
VHT 80 MHz bandwidth transmission, VHT 40 MHz band-
width transmission, and VHT multi-channel transmission.
The various bandwidth configurations may be provided, for
example, 1n a modified Secondary Channel Offset IE and/or
a Secondary Channel Ofiset field 430 described 1n the first
example and shown in FIG. 4 and Table 1, respectively.
Alternatively, an 802.11 Notily Channel Width frame of
Category HT may be modified to support VHT by adding
one or more of the VH'T bandwidth configurations shown 1n
Table 1 to the 802.11 Channel Width field.

In a third example, a VHT Set Phased Coexistence

Operation (PCO) Phase frame may be an Action frame of
category VHT, and used to support PCO in VHT WLANSs.

A VHT WLAN BSS may adopt a VHT PCO where the VHT
AP may divide time between 20/40/80 MHz bandwidth
operation. Note that all possible combinations may be con-

sidered, for example, 20/40/80 MHz, 40/80 MHz, 20/80
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MHz, and 20/40 MHz. In addition, since there may be
contiguous and non-contiguous channel compositions that
constitute the 40 MHz and 80 MHz bandwidths, there may
be several possible bandwidth configurations or PCO phases
for 40 MHz and 80 MHz. For example, an AP may switch
the BSS operation amongst a predetermined set of band-
widths for a VHT phased coexistence operation. Another
feature may be added to the VHT PCO where multi-channel
transmission configurations, including parallel channel
transmission configurations, are supported as additional
PCO phases. In this example, the VHT AP may indicate
switching to these multi-channel transmission configura-
tions/phases. A VHT Set PCO Phase frame may be sent by
an AP to announce the phase change amongst the 20 MHz,

40 MHz and 80 MHz phases.

FIG. 6 1s a diagram of an example VHT Set PCO Phase
frame 600. The VHT Set PCO Phase frame 600 may include
a Category field 610, an Action field 620, and a VHT PCO
Phase Control field 630. The Category field 610 may be set
to a value to indicate VHT. The Action field 620 may be set
to a value defined for representing VHT Set PCO Phase. The
VHT PCO Phase Control field 630 may indicate a current
PCO phase. This information may be indicated 1n a modified

802.11 PCO Phase Control field, an it may include one or
more of the values as shown 1n Table 2.

TABLE 2

A modified 802.11 PCO Phase Control
field with values for VHT PCO phases.

Value Description

0 Indicates 20 MHz Phase

1 Indicates 40 MHz Phase

Any unused Indicates 40 MHz bandwidth configuration relative

value up to 256  to the primary channel formed by: (a) 2 contiguous

(flexible) or (b) 2 non-contiguous 20 MHz channels- many
such configurations are possible and each may have
a value associated with it.

Any unused Indicates 80 MHz bandwidth configuration relative

value up to 256  to the primary channel formed by 4 contiguous 20

(flexible) MHz channels - many such configurations are
possible and each may have a value associated with
it.

Any unused Indicates 80 MHz bandwidth configuration relative

value up to 256  to the primary channel not formed by 4 contiguous

(flexible) 20 MHz channels- many such configurations are
possible and each may have a value associated with

it.
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TABLE 2-continued

A modified 802.11 PCO Phase Control
field with values for VHT PCO phases.

Value Description

Any unused Indicates VHT Multi-channel transmission

value up to 256  configuration relative to the primary channel -
(flexible) many such configurations are possible and each may

have a value associated with it.

Remaining up Not used/Reserved

to 255

The VHT PCO phases may correspond to one or more of

the various bandwidth configurations that may be supported
in a VHT 80 MHz bandwidth transmission, a VHT 40 MHz

bandwidth transmission, and a VHT multi-channel transmis-
sion, as shown 1n Table 2. In one alternative, an 802.11 Set
PCO Phase frame of Category HT may be modified to
support VHT PCO by replacing an 802.11 PCO Phase
Control field with a modified PCO Phase Control field that
includes values for VHT PCO Phases as indicated in Table
2. In another alternative, a current VHT PCO Phase of
operation 1ndication, or information related thereto, may be
included 1 the beacon, probe response, association
response, and reassociation response frames sent by the AP
or an STA 1n an Independent BSS, or in a VHT Operation IE
included in frames sent by an AP or an STA 1n an Indepen-

dent BSS.
In a fourth example, an 802.11 MIMO Control field may

be modified, or a VHT MIMO Control field may be created,

to 1nclude one or more of the following: 1) a number of
columns for a channel state information and/or a transmuit
beamforming feedback matrix ranging from 1 to 32; 2) a
number of rows for a channel state information/transmit
beamforming feedback matrix ranging from 1 to 32; 3) a
MIMO Control Channel Width indication for VHT covering
various bandwidth configuration cases for 20/40/80 MHz as
shown 1n Table 1; 4) a number of OFDM sub-carriers
grouped 1nto one or more sets of sub-carriers ranging from
1 to 16; 5) a number of bits in the representation of the real
and 1maginary parts of each element 1n the channel state
information/transmit beamforming feedback matrix ranging
from 4 to 16; 6) a size of the code book information for a
Compressed beamforming matrix; 7) a remaining segment
number ranging from 0 to 31 for segments of an associated
measurement report; and 8) a sounding timestamp corre-
sponding to an end of the reception of a sounding packet,
where the sounding packet may be used to generate feed-
back information to include in the frame that includes the
MIMO Control field. The modified MIMO Control field and
the VHT MIMO Control field may be included 1in an 802.11
HT Channel State Information (CSI) Action frame, a VHT
CSI Action frame, an 802.11 HT Non-compressed Beam-
forming Action frame, a VHT Non-compressed Beamiorm-
ing Action frame, an 802.11 HT Compressed Beamiorming
Action frame, or a VHT Compressed Beamforming Action
frame.

FIG. 7 1s a diagram of an example the frame body of a
VHT Compressed Beamiorming Report Action frame 700.
The VHT Compressed Beamiorming Report Action frame
700 may include a Category field 710, an Action field 720,
a VHT MIMO Control field 730, and a Compressed Beam-
forming Report 740.

In a fifth example, a modified 802.11 Compressed Beam-
torming Report field for 20/40/80 MHz, or the Compressed

Beamforming Report field 740 configured to support VHT,
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may include one or more of the following: 1) an Average
Signal to Noise Ratio of the STA sending the report for each
space-time stream with a resolution that may be 1n a range

from 8 bits to 16 bits, where a number of streams may be

specified 1n a corresponding MIMO Control field as a

number of columns 1n a matrix; 2) a Beamforming Feedback
Matrix for OFDM sub-carriers with indices in the range
—-128 to 128 for 80 MHz; 3) a Beamiorming Feedback
Matrix for OFDM sub-carriers with indices 1n the range —58

to 38 for 40 MHz; and 4) a Beamiorming Feedback Matrix

for OFDM sub-carriers with indices in the range -28 to 28

for 20 MHz. The modified 802.11 Compressed Beamform-
ing Report field for 20/40/80 MHz and the Compressed
Beamforming Report field configured to support VHT may
be included 1n an 802.11 HT Compressed Beamiorming
Action frame or a VHT Compressed Beamiorming Action
frame. The 802.11 HT Compressed Beamiorming Action
frame and the VHT Compressed Beamiorming Action frame
may be sent by an STA/AP 1n response to a Compressed
Beamforming feedback request indication included in an HT
Control field or VHT Control field of a frame received from
a requesting STA/AP.

In a sixth example, a modified 802.11 Non-compressed
Beamforming Report field for 20/40/80 MHz, or a Non-
compressed Beamforming Report field configured to sup-
port VHT, may include one or more of the following: 1) an
Average Signal to Noise Ratio of the STA sending the report
for each space-time stream with a resolution that may range
from 8 bits to 16 bits, where the number of streams may be
specified 1n a corresponding MIMO Control field as a
number of columns 1n a matrix; 2) a Beamforming Feedback
Matrix for OFDM sub-carriers with indices in the range
—-128 to 128 for 80 MHz; 3) a Beamiforming Feedback
Matrix for OFDM sub-carriers with indices 1n the range —58
to 58 for 40 MHz; and 4) a Beamiorming Feedback Matrix

for OFDM sub-carriers with indices in the range -28 to 28

for 20 MHz. The modified 802.11 Non-compressed Beam-
forming Report fields for 20/40/80 MHz and the Non-
compressed Beamforming Report field configured to sup-
port VHT may be included in an 802.11 HT Non-
compressed Beamforming Action frame or a VHT Non-
compressed Beamforming Action frame. The 802.11 HT
Non-compressed Beamforming Action frame and the VHT
Non-compressed Beamforming Action frame may be sent by
an STA/AP in response to a Non-compressed Beamiorming
teedback request indication included 1n an HT Control field
or a VHT Control field of a frame recerved from a requesting
STA/AP.

In a seventh example, a modified 802.11 CSI Report field
for 20/40/80 MHz, or a CSI Report field configured to
support VHT, may include one or more of the following: 1)
a Signal to Noise Ratio (SNR) for each receive chain of the
STA sending the report with a resolution that may range
from 8 bits up to 16 bits, where the number of recerve chains
may be specified in a corresponding MIMO Control field as
a number of rows 1n a matrnx; 2) a CSI Matnx for OFDM

sub-carriers with indices in the range -128 to 128 for 80
MHz; 3) a CSI Matrnix for OFDM sub-carriers with indices

n the range —58 to 58 for 40 MHz; and 4) a CSI Matrix for
OFDM sub-carriers with indices 1n the range —28 to 28 for
20 MHz. The modified 802.11 CSI Report field for 20/40/80
MHz and the CSI Report field configured to support VHT,
may be included 1n an 802.11 HT CSI Action {frame or 1n a
VHT CSI Action frame. The 802.11 HT CSI Action frame
and the VHT CSI Action frame may be sent by an STA or

an AP 1n response to a CSI feedback request indication
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included 1n an HT Control field or VHT Control field of a
frame received from a requesting STA or AP.

In an eighth example, 802.11 Action frames may be
modified to include a VHT Capability IE. For example, a
VHT Capability IE may be added to the frame body of an
802.11 DLS Request frame, an 802.11 DLS Response frame,
an 802.11 tunneled direct link setup (TDLS) Setup Request
frame, and an 802.11 TDLS Setup Response frame. The
VHT Capabilities IE may be added by a VHT STA/AP in the
802.11 DLS Request and Response frames. The VHT Capa-
bilities IE may be added by a VHT STA 1n the 802.11 TDLS
Setup Request and TDLS Setup Response frames.

In a ninth example, a 20/40/80 BSS Coexistence Man-
agement frame may be an Action frame with a category of
Public, and may be used to support the VHT increased
channel bandwidth transmission mode of 80 MHz. The
20/40/80 BSS Coexistence frame may be used by STAs or
APs to exchange information for 20/40/80 BSS Coexistence.

FIG. 8 1s a diagram of an example 20/40/80 BSS Coex-
istence Management frame 800. The 20/40/80 BSS Coex-

istence Management frame 800 may include a Category field
810, an Action field 820, a 20/40/80 BSS Coexistence {]

field
830, and a 20/40/80 BSS Intolerant Channel Report

field

840. The Category ficld 810 may be set to a value to indicate
Public. The Action field 820 may be set to a value defined

for 20/40/80 BSS Coexistence Management.

The 20/40/80 BSS Coexistence field 830 may contain
information related to 20/40/80 BSS Coexistence. The
20/40/80 BSS Coexistence field 830 may contain a 20/40/80
BSS Coexistence IE 900 as shown 1n FIG. 9. The 20/40/80
BSS Coexistence IE 900 may be used by a STA or an AP to
exchange information for 20/40/80 BSS Coexistence. In
addition to the 20/40/80 BSS Coexistence Management
frame 800, the STA or the AP may include the 20/40/80 BSS
Coexistence IE 900 1n a Beacon, Probe Request, Probe
Response, Association Request, Association Response,
Reassociation Request, and Reassociation Response frames.

The 20/40/80 BSS Coexistence IE 900 may include an
Element ID field 910, a length field 920, an Information
Request indication field 930, a 40 MHz intolerance 1ndica-
tion field 940, an 80 MHz intolerant indication field 950, a
20 MHz BSS width request field 960, an overlapping BSS
(OBSS) scanning exemption request field 970, and an OBSS
scanning exemption grant ficld 980. The Element ID field
910 may 1ndicate a value specifically for the 20/40/80 BSS
Coexistence IE 900. The Length field 920 may contain the
length of the 20/40/80 BSS Coexistence IE 900 following
the Length field 920. The Information Request indication
ficld 930 may be used by a transmitting STA or AP to
indicate to the recipient to send a 20/40/80 BSS Coexistence
Management frame 800 1n response.

The 40 MHz Intolerant indication field 940, when set to
a predetermined value, may indicate that the AP that receives
or reports this information may be prohibited from operating
a 20/40 MHz BSS. When this field 1s not set to that specific
value, 1t may not prohibit a receiving AP from operating as
a 20/40 MHz BSS. The 80 MHz Intolerant indication field
950, when set to a predetermined value, may indicate that
the AP that receives or reports this information may be
prohibited from operating a 20/40/80 MHz BSS. When this
ficld 1s not set to that specific value, 1t may not prohibit a
receiving AP from operating as a 20/40/80 MHz BSS. The
20 MHz BSS Width Request field 960, when set to a
predetermined value, may indicate that the receiving AP
may be prohibited from operating as a 20/40/80 MHz BSS

or a 20/40 MHz BSS.
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The OBSS Scanning Exemption Request field 970, when
set a predetermined value, may indicate that the transmitting
STA requests to be exempted from OBSS scanning by the
receiving AP. The OBSS Scanning Exemption Grant field
980, when set a predetermined value, may indicate that the
receiving STA may be exempted by the transmitting AP

from performing OBSS Scanning. In an alternative embodi-
ment, the 20/40/80 BSS Coexistence IE 900 may be created

by modifying an 802.11 20/40 BSS Coexistence element by
adding an 80 MHz Intolerant ficld 950.

The 20/40/80 BSS Intolerant Channel Report 840 may
contain information on channels that disallow a 20/40/80
MHz BSS operation. For example, the 20/40/80 BSS Intol-
crant Channel Report field 840 may contain a 20/40/80 BSS
Intolerant Channel Report IE 1000 as shown in FIG. 10.

The 20/40/80 BSS Intolerant Channel Report IE 1000
may include an Element ID field 1010, a Length field 1020,
a Regulatory Class Information field 1030, and a Channel
List field 1040. The Element ID field 1010 may indicate a
value specifically for the 20/40/80 BSS Intolerant Channel
Report IE 1000. The Length field 1020 may contain the
length of the 20/40/80 BSS Intolerant Channel Report IE
1000 following the Length field 1020. The Regulatory Class
Information field 1030 may contain information that speci-
fies the regulatory class in which the Channel List in the
Channel List field 1040 may be valid. The Channel List field
1040 may contain a list of channels on which a 20/40/80
MHz BSS operation 1s disallowed.

In a tenth example, an 802.11 Antenna Selection Indices
field may be modified, or a VHT Antenna Selection Indices
fiecld may be created, to support up to 16 Antennas. The
802.11 Antenna Selection Indices field may be 8 bits 1n
length and may support only 8 antennas, where each bit 1n
the field may be used to indicate the selection of a corre-
sponding antenna. The modified 802.11 Antenna Selection
Indices field and the VHT Antenna Selection Indices field
may have 16 bits, where each bit may correspond to an
antenna 1mndex and may be used to indicate a selection of a
corresponding antenna. The modified 802.11 Antenna Selec-
tion Indices field and the VHT Antenna Selection Indices
field may be included 1n an 802.11 HT Antenna Selection
Indices Feedback Action frame or a VHT Antenna Selection
Indices Feedback Action frame, and sent by an STA or an AP
in response to an Antenna Seclection Indices feedback
request indication included 1n an HT Control field or a VHT
Control field of a frame received from a requesting STA or
AP.

FIG. 11 15 a flow diagram of an example method 1100 for
supporting management actions in VHT communications. A
an STA/AP 1110 may transmit a management action frame
1120 to another STA2 1130. The management action frame
1120 may be a VHT Action frame, and may be assigned a
category and/or a subtype. STA2 1130 may change an
operating parameter 1140 based on a field in the manage-
ment action frame 1120.

The assignment of category for each of the VHT Action
frames may be flexible such that they may be assigned a
category that 1s new such as “VHT” or any 802.11 category.

In addition, the VHT Action frames may have subtypes
“Action” or “Action with ACK”, and “Action No ACK.”

Moreover the “Action No ACK” subtype VHT Action
frames may be aggregated by an STA/AP with one or more
of data frames, control frames, and management frames for

transmission in an aggregated packet data unit. For example,
STA2 1130, or an AP, may transmit an ACK 1150 1f it
receives a VHT Action frame of a subtype “Action.” STA2
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1130, or an AP, may not transmit an ACK 1f it receives a
VHT Action frame of a subtype “Action No ACK.”
Although features and elements are described above 1n
particular combinations, one of ordinary skill 1n the art waill
appreciate that each feature or element can be used alone or
in any combination with the other features and elements. In
addition, the methods described herein may be implemented
in a computer program, software, or firmware incorporated
in a computer-readable medium for execution by a computer
or processor. Examples of computer-readable media include
clectronic signals (transmitted over wired or wireless con-
nections) and computer-readable storage media. Examples
of computer-readable storage media include, but are not
limited to, a read only memory (ROM), a random access
memory (RAM), a register, cache memory, semiconductor
memory devices, magnetic media such as internal hard disks
and removable disks, magneto-optical media, and optical
media such as CD-ROM disks, and digital versatile disks
(DVDs). A processor 1n association with soltware may be
used to implement a radio frequency transceiver for use in
a WITRU, UE, terminal, base station, RNC, or any host
computer.
What 1s claimed 1s:
1. A method for use in wireless communications, the
method comprising:
transmitting a sounding packet to a station (STA); and
receiving, irom the STA, an Action No Acknowledgement
(ACK) frame that includes a Very High Throughput
(VHT) multiple input multiple output (MIMO) Control
field and a VHT Compressed Beamiforming Report
field, wherein the VHT MIMO Control field indicates
a channel width related to a multi-channel non-con-
tiguous spectrum transmission associated with the
sounding packet, and wherein the VHT Compressed
Beamforming Report field includes information based

on a value mdicated in the VHT MIMO Control field.

2. The method of claim 1, wherein the VHT MIMO
Control field indicates a number of columns 1n a matrix and
a number of rows 1n the matrix.

3. The method of claim 1, wherein the VHT MIMO
Control field indicates a bandwidth configuration that
includes a plurality of secondary channels for a VHT multi-
channel transmission relative to a primary channel.

4. The method of claim 1, wherein the VHT Compressed
Beamforming Report field includes a plurality of orthogonal
frequency division multiplex (OFDM) sub-carriers, wherein
the OFDM sub-carriers are grouped 1n a set.

5. The method of claim 1, wherein a compressed beam-
forming matrix code book information size 1s included in the

VHT MIMO Control field.

6. The method of claim 1, wherein the VHT MIMO
Control field indicates a remaining segment number of an
associated measurement report.

7. The method of claim 1, wherein the VHT Compressed
Beamforming Report field includes an average signal to
noise ratio (SNR) for each of a number of space-time
streams.

8. The method of claim 1, wherein the VHT Compressed
Beamforming Report field includes a Beamforming Feed-
back Matrix for each of a number of space-time streams.

9. An access point (AP) comprising:

a transmitter configured to transmit a sounding packet;

and
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a receiver configured to receive an Action No Acknowl-
edgement (ACK) frame that includes a Very High
Throughput (VHT) multiple mput multiple output
(MIMO) Control field and a VHT Compressed Beam-
forming Report field, wherein the VHT MIMO Control

field indicates a channel width related to a multi-
channel non-contiguous spectrum transmission associ-
ated with the sounding packet, and wherein the VHT
Compressed Beamiorming Report field includes infor-
mation based on a value indicated in the VHT MIMO
Control field.

10. The AP of claim 9, wherein the VHT MIMO Control

field indicates a number of columns in a matrix and a
number of rows 1in the matrix.

11. The AP of claim 9, wherein the VHT MIMO Control

field indicates a bandwidth configuration that includes a
plurality of secondary channels for a VHT multi-channel
transmission relative to a primary channel.

12. The AP of claim 9, wherein the VHT Compressed
Beamforming Report field includes a plurality of orthogonal
frequency division multiplex (OFDM) sub-carriers, wherein
the OFDM sub-carriers are grouped 1n a set.

13. The AP of claim 9, wherein a compressed beamiorm-

ing matrix code book information size 1s included in the
VHT MIMO Control field.

14. The AP of claim 9, wherein the VHT MIMO Control

field indicates a remaining segment number of an associated
measurement report.

15. The AP of claim 9, wherein the VHT Compressed

Beamforming Report field includes an average signal to
noise ratio (SNR) for each of a number of space-time

streams.

16. The AP of claim 9, wherein the VHT Compressed
Beamforming Report field includes a Beamforming Feed-
back Matrix for each of a number of space-time streams.

17. An access point (AP) comprising:

a transmitter configured to transmit a sounding packet;

and

a recerver configured to receive an Action No Acknowl-

edgement (ACK) frame that includes a Very High
Throughput (VHT) multiple mput multiple output
(MIMO) Control field and a VHT Compressed Beam-
forming Report field, wherein the VHT MIMO Control
field indicates a channel width related to a multi-
channel non-contiguous spectrum transmission associ-
ated with the sounding packet;

wherein the VHT Compressed Beamiorming Report field

includes an average signal to noise ratio (SNR) for each
of a number of space-time streams and a Compressed
Beamforming Feedback Matrix for each of a number of
space-time streams.

18. The AP of claim 17, wherein the VHT MIMO Control
field indicates a number of columns in a matrix and a
number of rows 1n the matrix.

19. The AP of claim 17, wherein a compressed beam-
forming matrix code book information size 1s included 1n the
VHT MIMO Control field.

20. The AP of claim 17, wherein the VHT MIMO Control
field indicates a remaining segment number of an associated
measurement report.
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